Pelvic organ prolapse represents a relatively frequent diagnosis that requires attention due to its detrimental effect on quality of life. Not surprisingly, it is one of the commonest indications for surgery in premenopausal and postmenopausal women, often requiring a complex multidisciplinary approach. Traditional vaginal procedures are being gradually replaced by laparoscopic techniques, offering anticipated benefits in reduced recurrence and complication rates, while respecting the trend towards uterus sparing if desirable. Recently, questions about the safety of alloplastic materials used in pelvic organ prolapse surgery were raised, leading to official restrictions in their use, particularly for transvaginal application. As a result, laparoscopic procedures might appear slightly favored but caution must be taken to assure proper technique of mesh placement while maintaining high awareness of possible long-term mesh-related complications that require close surveillance. Therefore, adequate education and training becomes even more important to achieve optimal results and to avoid possible serious medico-legal charges.
Introduction
Pelvic organ prolapse is defined as a descent of pelvic organs associated with dysfunction of urethral or rectal continence, resulting from defective pelvic support and increased intra-abdominal pressure. The clinical presentation includes prolapse of the vagina and/or uterus and other pelvic organs, typically the urinary bladder, less often the rectum, which makes pelvic organ prolapse a very complex multidisciplinary issue. Risk factors for this condition include menopause, hypoestrogenism, history of vaginal delivery, obesity, connective tissue disorders, chronic cough, constipation and genetic predisposition [1] .
Prevalence of pelvic organ prolapse reported in the literature is variable. Depending on the target population and study methodology, it ranges from 3% to 6% if the diagnosis is based solely on clinical presentation, to 50% when pelvic examination is used as a diagnostic measure [2] . Having a detrimental effect on the quality of life, pelvic organ prolapse represents one of the most common indications for surgery in premenopausal and postmenopausal women [3] .
The degree of pelvic floor dysfunction can be evaluated objectively using the Pelvic Organ Prolapse Quantification (POP-Q) system developed by the International Continence Society (ICS). This scale describes the degree and location of the prolapse more accurately than other available instruments Laparoscopic approach to pelvic organ prolapse -the way to go or a blind alley?
and is the most widespread measure of pelvic floor dysfunction used worldwide [4] .
In 1994, De Lancey proposed a classification of pelvic organ prolapse disorders based on the level they occurred. According to this classification, level I defects include injuries of uterosacral ligaments, enterocele, and prolapse of the uterus, cervix or vaginal vault (apical defect), level II defects include injuries of the vesicovaginal or rectovaginal fascia, cystocele and rectocele, and level III defects include injuries of urethral supporting ligaments and perineum, and ureterocele [5] .
Anterior defects found at level II can be further subdivided according to the localization of injury to the vesicovaginal fascia into central, which results in the formation of smooth cystocele without vaginal rugae, and lateral, characterized by the presence of visible rugae within the cystocele. Distinguishing between these two conditions is crucial for the choice of future reconstructive treatment [6] .
In recent years, reconstructive surgery has become a dominant treatment strategy for pelvic floor dysfunction. Reconstructive procedures, aimed at the restoration of normal anatomy and function of the pelvic floor, may involve the patient's tissues or synthetic materials. Surgical treatment can only be considered recommended if pelvic organ prolapse leads to clinical symptoms, such as urinary retention, recurrent urinary tract infection, constipation, discomfort and sexual problems [2] . Noticeably, more than half of multigravidas present with POP-Q grade 2 disorders, frequently asymptomatic [7] . In such cases, the decision about surgical treatment, if any, should be made with particular caution [8] . Also of note, no consensus has been reached with regards to the clear definition of "normal" and "abnormal" pelvic floor anatomy. As such, indication for urogynecological surgery is still based on individual patient assessment.
Choice of surgical procedure must respect the anatomical type of pelvic floor dysfunction. Besides traditional vaginal surgeries, laparoscopic repair of the pelvic floor is gaining growing attention, primarily due to its lesser invasiveness and high effectiveness resulting from easier access to pelvic support structures [9] .
Aim
This paper aims to review and summarize current issues regarding surgical treatment of pelvic organ prolapse with special focus on laparoscopic procedures.
Mesh repair -yes or no?
Several synthetic materials have been proposed and used in urogynecology. Polypropylene, which has more than a 60-year history of successful application in general surgery [10] , seems to be the most prevalent one. Another increasingly used option is polyvinylidene fluoride (PVDF), which was shown to have excellent biocompatibility, low risk of bacterial colonization and superior tensile strength maintenance [11, 12] . Besides the material used, there are also other important parameters that define biocompatibility of the synthetic prosthesis used. These include absorbability, porosity, characteristics of the filament, type of knitting and weight. Porosity seems to be the key issue as microporous meshes are subject to encapsulation, while macroporous ones (pore diameter greater than 75 μm) are easily infiltrated by macrophages and fibroblasts and also readily overgrown by the components of extracellular matrix, thus leading to desirable incorporation. Also of note, multifilament material is theoretically more prone to infection compared to monofilament. As a result, type I synthetic meshes -macroporous and monofilamentous, currently seem to represent the best choice, although the ideal implant is yet to be found [13, 14] .
Applicability and safety of synthetic materials in vaginal surgery are still a matter of debate. This is due to the fact that use of synthetic prostheses may be associated with serious complications [15] such as erosion into the vaginal wall, infection, pain, dyspareunia, as well as injuries to the nerves, vessels and adjacent organs, i.e. urinary bladder and rectum, during the mesh insertion. The incidence of vaginal wall erosion is reported as up to 33%, while the risk of this complication increases in older women, patients with estrogen deficiency or history of previous vaginal surgery, diabetics and cigarette smokers [16] . Also of note, it seems that surgical technique and surgeon's experience are as important determinants of outcomes as the type of implanted material [17] .
Based on the above, in 2017, the European consensus in Urology and Gynaecology on use of implants for the treatment of vaginal prolapse in perimenopausal women suggests restriction of meshes for recurrent prolapse and "to the surgeons with appropriate training, working within the multidisciplinary referral centers" [18] . However, in April 2019, after several years of systematic assessment the U.S. Food and Drug Administration ordered the manufacturers of all remaining surgical mesh products for transvaginal repair of pelvic organ prolapse to stop distributing and selling them in the United States immediately. Nevertheless, this ban does not apply to transvaginal mesh for stress urinary incontinence or meshes placed transabdominally for pelvic organ prolapse [19, 20] . This is in line with the opinion of the European Commission (EC) and independent Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR) affiliated with the EC that consider polypropylene and PVDF prostheses safe in urogynecological surgery [17] . Interestingly, several countries, including England, Scotland, Australia and New Zealand, went even further and also banned some specific synthetic meshes designed for use in urogynecology [21] .
With nearly complete takeover of alloplastic materials for pelvic floor surgery in the recent years, the above-mentioned restrictions represent a serious medico-legal issue influencing the choice of surgical procedure. Also of note, the general lack of surgical expertise in traditional approaches based on native tissue repair leads to a wide gap in education and training that will probably have to be addressed in future.
Xenografts, such as implants made of pork skin (Pelvicol), may be considered an alternative to synthetic prostheses. Nevertheless, they cannot be generally recommended in the surgical management of pelvic floor dysfunction due to increased risk of infection. Moreover, undergoing gradual degradation, xenografts probably do not provide stable support in a long-term perspective. Due to lack of sufficient evidence from clinical trials regarding the safety of such tissue implants, they should be used with particular caution [22] .
Techniques of surgical repair
Nowadays, pelvic organ prolapse procedures are performed both from the vaginal approach and laparoscopically. Selection of surgical technique depends to a large degree on the treatment indications, but also on other factors, such as patient age, reported ailments, and, most importantly, the personal expertise and preference of the surgeon [23] .
Vaginal procedures include fixation of the cervix or vagina to sacrospinous ligaments using Richter's technique with sutures or tape, anterior or posterior vaginal wall repair with patient's tissues or synthetic materials, and perineoplasty.
Originally, Richter's procedure was described as unilateral fixation of the vagina to the right sacrospinous ligament. The principal idea of the technique was to take the apex of the vagina out of the main pressure zone in the center of the pelvis. While unilateral fixation was supposed to prevent the risk of obstructed defecation, choice of the right sacrospinous ligament as the fixation point should eliminate any interference with the rectosigmoid, which might be dilated due to connective tissue laxity in prolapse patients [24] . A number of modifications of Richter's fixation have been proposed, although failing to demonstrate any additional benefit [25, 26] .
Richter's fixation is performed primarily in patients with level I defects, usually resulting from the previous hysterectomy. It may also be considered an alternative in the elderly, taking into account the short operating time and limited morbidity of the procedure. Another indication for sacrospinous fixation occurs if preservation of fertility or the uterus is desired [27] .
The most commonly reported complication of Richter's fixation is injury to the vessels and nerves located in close proximity to the sacrospinous ligament. Not infrequently, inaccurate placement of sutures may result in their rupture and subsequent failure of the procedure, although success rates as high as > 90% are reported by experienced surgeons [28, 29] . Bilateral sacrospinous ligament fixation, providing symmetry and a dual support point, appears to result in the same frequency of postoperative anatomic cure as unilateral repair [30] .
The indication for anterior vaginal wall repair is cystocele resulting from central defect (at level II according to De Lancey) with the severity corresponding to POP-Q grade 2 or higher. Overlooking an apical defect as a cause of cystocele may frequently result in misdiagnosis and inappropriate choice of surgical procedure. Patients in whom isolated defects at level I were misdiagnosed as level II defects will not benefit from the surgical treatment aimed at repair of the latter. This may explain approximately 55% incidence of recurrent prolapse after anterior vaginal wall repair [31] .
In order to avoid recurrence, transvaginal reconstructive procedures with synthetic prostheses have been used, especially in patients with cystocele and lateral defects at level II. In these procedures, mesh is inserted into the anterior vaginal wall and its arms are fixed to the obturator foramina and sacrospinous ligaments. Such fixation was shown to be suboptimal, as it may lead to folding of the mesh [32] . Considering the distribution of forces and place of fixation, insertion of mesh into the anterior vaginal wall might not be the best decision in patients with apical defects. In such cases, markedly better outcomes can be achieved with sacropexy, pectopexy or lateral suspension [9] .
Posterior vaginal wall repair (colporrhaphy) may be used to repair defects in the posterior compartment. This can be achieved by plication of the patient's native rectovaginal connective tissue (traditional colporrhaphy) or just by plication of individual tears in rectovaginal tissue (site-specific colporrhaphy). Whether posterior vaginal repair is associated with diminished sexual functions and/or dyspareunia is a matter of controversy [33] .
In principle, perineoplasty may be indicated to restore De Lancey level III pelvic support. Nevertheless, it needs to be stressed that many authors do not consider perineoplasty a treatment of pelvic floor dysfunction, but merely a reconstructive or cosmetic procedure [34] .
Laparoscopic procedures, such as sacropexy, lateral suspension or pectopexy, are gaining growing popularity in the treatment of pelvic organ prolapse. This is partly due to their minimally invasive character resulting in an improved postoperative course and diminished number of wound complications and partly due to pathophysiological considerations regarding apical defects and their reconstruction [35, 36] .
Currently, the most widely accepted standard in the treatment of apical defects is laparoscopic sacropexy [2] . During this procedure, the uterus (hysterosacropexy), cervix (cervicosacropexy) or vaginal vault (colposacropexy) is fixed to the sacrum (S1-S2) or sacral promontory (promontofixation) with polypropylene tape.
The question of whether amputation of the uterine corpus or hysterectomy should be conducted as part of urogynecological procedures in patients without uterine pathologies is still a matter of ongoing discussion. Based on the published data, amputation of the uterine corpus is frequently performed simultaneously with sacropexy in postmenopausal women, even despite the lack of medical indications for the former [37] . According to many scientific bodies, the decision regarding uterus sparing should be based on the patient preference [2] . Peri-and postmenopausal women are more prone to give their consent to amputation of the uterine corpus, which makes fixation easier for the surgeon but lacks any proven advantage compared to hysterectomy. The emotional "bond to the uterus" constitutes an important psychological issue and seems to affect the perception of a woman's sexual life [38] . This is reflected by the growing number of support organizations, such as Hersfoundation, focused on patients who have experienced problems in sexual life after hysterectomy. Recently, hysterosacropexy, i.e. suspension of the whole uterus, has been gaining growing popularity. In this technique, the uterus is attached to the sacral promontory with a bifurcate flat mesh which runs retroperitoneally, alongside the sacrouterine ligaments. Hysterosacropexy found its indication particularly in young patients, as it spares the uterus and does not negatively affect the quality of sexual life [39] . As such, laparoscopic hysterosacropexy appears to be the optimal treatment option for patients in childbearing age [40] .
Laparoscopic sacropexy is considered the gold standard for the repair of apical defects in many centers. However, the procedure is technically fairly demanding and carries a risk of significant complications. Furthermore, the proficiency gain curve in laparoscopic sacropexy is quite flat, the estimated minimum case load being approximately 60 procedures. Also of note, training in advanced laparoscopic techniques imposes time, financial and organizational constraints [41] .
The number of randomized clinical trials comparing sacropexy with other surgical techniques used in the treatment of apical defects is limited. Laparoscopic sacropexy is postulated to reconstitute the physiological axis of the vagina, while suspension to sacrospinous ligaments from the vaginal approach moves the vaginal axis posterior with the fixation site located more caudally. Thus, the incidence of recurrent apical defects and/or mesh erosion after laparoscopic sacropexy is slightly lower than after vaginal procedures, even though the results failed to reach statistical significance [9] .
At the same time, laparoscopic sacropexy was shown to be associated with higher incidence of de novo cystocele [42] . Moreover, dissection of the tis-sues around the sacrum or sacral promontory carries a risk of nerve and vessel injuries. Fixation of the mesh on the left side of the anterior longitudinal ligament may reduce free space for the sigmoid colon, whereas fixation on the right side may be associated with the risk of hypogastric trunk injury. Therefore, defecation disorders represent a well-defined complication after sacropexy. Although often neglected, they may occur in up to 17-37% of cases [43] . The risk of such complications, however, is dependent to a large extent on the surgeon's experience [44] .
Comparison between sacropexy and other surgical procedures can be hindered by the diversity of surgical approach (laparoscopic, robotic, open) and technique (straight mesh tape vs. Y-shaped with extensive dissection of tissues around the vaginal surface corresponding to cystocele or rectocele, type of fixation). The lack of standardization of sacropexy technique markedly limits the possibilities of good quality comparative clinical trials [45] .
Laparoscopic lateral suspension represents a valuable alternative to laparoscopic sacropexy. The technique has undergone multiple improvements and modifications since its introduction by Dubuisson in 1998 [46] . During the procedure, T-shaped polypropylene mesh is fixed to the uterine cervix, and then its arms are introduced retroperitoneally towards the lateral abdominal wall, alongside oblique ligaments. Due to the use of a T-shaped mesh, Dubuisson's procedure is suitable for the repair of defects at levels I and II. Reconstitution of physiological vaginal topography at level I contributes to the elevation of the vagina at level II, and thus reconstructive procedures are not needed at this level [47] . Access to the operating field during laparoscopic lateral suspension appears to be much easier compared to sacropexy. This argument supports the indication of Dubuisson's procedure, especially in patients with severe obesity, in whom access to the sacrum may be particularly challenging [48] .
On the whole, laparoscopic lateral suspension of the uterus is associated with low incidence of intraoperative complications and recurrent prolapse (approx. 4%) [46] . Nevertheless, lateral suspension of the cervix or vaginal stub may lead to anterior displacement of the physiological vaginal axis, which may predispose to the occurrence of cystocele and rectocele in the future [49] .
In 2007, the technique of laparoscopic pectopexy was described by Noe. During this procedure one end of the mesh is attached to the uterine cervix, whereas its arms are fixed laterally to iliopectineal ligaments (Cooper ligaments) [35] . As a result, the mesh follows broad ligaments and bypasses critical anatomical structures, such as the ureters and intestines. According to Noe, the height of the lateral fixation corresponds to the level of S2, which is enough to restore the physiological vaginal axis. A similar result might be achieved by traditional colposuspension with tension-free approximation of the vaginal wall towards Cooper's ligament [50] .
Laparoscopic pectopexy and lateral suspension do not involve the sacral region, and thus do not pose a risk of hypogastric trunk injury and related complications. Also of note, they eliminate the problem of "sacral osteitis" -a rare complication due to fixation of the uterine cervix/vaginal vault to the promontory caused by the fixating material that was introduced too deep, beneath the anterior longitudinal ligament. Further studies are needed to define whether laparoscopic lateral suspension and pectopexy represent a truly better alternative to sacropexy, which seems to be technically more demanding while also associated with greater risk of complications.
Conclusions
Pelvic organ prolapse is an important medical problem triggering significant socioeconomic costs. It is estimated to affect more than 50% of perimenopausal women. The primary therapeutic objective is restoration of normal topography that subsequently leads to normalized function of pelvic organs. As such, the surgical strategy has to be based on the location and severity of the pelvic floor defect. Given the etiological variability, a wider range of procedures is required to allow a tailored approach to the individual patient.
Recently, surgical therapy of pelvic organ prolapse has been changing significantly. Traditional vaginal procedures are being replaced by laparoscopic techniques that offer anticipated benefits in reduced recurrence and complication rates while respecting the trend towards uterus sparing, if desirable. Furthermore, safety concerns about alloplastic materials used in pelvic organ prolapse surgery led to their restriction, including a complete ban in some countries, particularly for transvaginal application. Based on the above, the laparoscopic approach to pelvic organ prolapse might appear to be the way to go. At the same time, a word of caution should be mentioned here, to avoid ending up in a blind alley. Laparoscopic techniques for pelvic organ prolapse are known to have a relatively long proficiency gain curve. As such, adequate education and training is necessary to achieve optimal results. This is particularly true also due to the currently increased awareness of mesh-related complications. Therefore, proper technique of mesh placement and close surveillance of its long-term consequences must be considered a necessity.
